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Specification 

Title of Invention 

Plasma Asher and Device Therefor 

Claim(s) 

1. A plasma asher that generates plasma due to a cooperative effect of a reaction gas and a 
high frequency power, characterized in that a plasma energy is detected from light emitting 
spectra of the generated plasma; based on the detected value, the flow rate of the reaction 
gas, the pressure thereof and the high frequency power are feedback-controlled to 
maintain the plasma energy at specific values. 

2. The plasma asher, as disclosed in Claim 1, characterized in that the energy is detected 
by measuring the distribution of the light emitting spectra and the intensity of each 
spectrum. 

3. The plasma asher, as disclosed in Claim 1, characterized in that the energy is detected 
by measuring the intensity of the light emitting spectra having a wavelength that matches a 
radical wavelength of the reaction gas. 

4. A plasma asher, characterized by being comprised of the following component and 
means: a chamber for internally placing a sample to be treated by a plasma-asher means; a 
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gas supply means for distributing the reaction gas onto the chamber; a means for supplying 
a high frequency power to a high frequency coil arranged around the chamber; a means for 
detecting the distribution and intensity of the light emitting spectra of the plasma 
generated inside the chamber as a plasma energy by measuring them collectively or 
selectively; a means for controlling at least one of the reaction gas means and the high 
frequency power supply means upon comparing of the detected value with a reference 
value. 

Detailed Description of the Invention 

This invention pertains to a plasma asher that is suited for a scum removal at a 
semiconductor producing process and a device therefor. 

A photoresist is used during an etching of a semiconductor wafer at a 
photolithography process, which is one of the steps in the production process for a 
semiconductor device. In particular, when a negative photoresist is used, a process for 
thinly removing the photoresist from the whole surface after a developing and a post- 
baking have been applied, a so-called scum removal, is applied. A plasma asher that uses 
plasma is conventionally applied to remove the scum. By properly predetermining the 
plasma energy and the asher period, the asher conditions are controlled. 

However, as in the control of the asher conditions, because the flow volume of a 
reaction gas to be supplied into the plasma asher device and the power of a high frequency 
power source are supplied merely using predetermined value as a reference, it is difficult 
for the plasma energy to be maintained constantly at a specific level in relation to the 
change of the conditions inside the plasma asher device, thereby becoming difficult to 
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perform a stable scum removing operation. Due to this difficulty, the line width size of the 
photoresist fluctuates, which is closely related to the amount of the scum removed, 
thereby deteriorating the yield in the production of the semiconductor device. 

Accordingly, the purpose of the invention is to offer a plasma asher and a device 
therefor as follow. The intensity of light emitting spectra of plasma is detected. Based on 
the detected value, the flow volume of a reaction gas, the pressure thereof and the power 
supply are controlled to control the plasma energy inside the asher device constantly at a 
specific level. By these means, a sufficient scum removal is performed to improve the yield 
in the production of a semiconductor device. 

The invention is described hereinbelow using the working example as illustrated in 
the drawings. 

Fig. 1 illustrates a device as in a working example of the invention. First, the device 
of the invention is first described, and secondly the function and a method of the invention. 
In the drawing, reference number 1 refers to a plasma asher body, which comprises a 
quartz cylindrical chamber 3 that can keep the inside at an airtight state by closing a front 
surface door 2. In the inside cylindrical chamber 3, a sample placed on a port loader 4 can 
be provided. More specifically^ a semiconductor wafer 5 can be internally provided. A 
reaction gas such as oxygen is also circulated inside through an opened gas supply inlet 6 
and a gas exhaust outlet 7. A high frequency coil 8 is wound around the outer 
circumference of cylindrical chamber 3 to generate plasma inside cylindrical chamber 3 
when a high frequency power is supplied. 

While a gas bomb 9 is connected to gas supply inlet 6 via a pipe passage 10 as a 
gas source to distribute the reaction gas from gas bomb 9, the flow rate of the gas and the 
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gas pressure inside cylindrical chamber 3 are controlled by providing an electromagnetic 
valve 11 in pipe passage 10. A high frequency power source 12 is connected to high 
frequency coil 8. By controlling high frequency power source 12, the power to be supplied 
to high frequency coil 8 is controlled. Electromagnetic valve 1 1 and high frequency power 
source 12 are then individually connected to a control unit 13 such as a microcomputer so 
as to control the flow rate of the gas and the supplied power using control unit 13. 

On the other hand, a light extracting window 3a is formed at a part of the 
circumferential wall of cylindrical chamber 3. Facing window 3a, a spectroscope 14 and a 
photomultiplier 5 are integrally arranged. Whereas spectroscope 14 transforms plasma 
generated in cylindrical chamber 3 into spectra, photomultiplier 15 detects the intensity of 
each spectrum. A comparator 16 connected to photomultiplier 15 calculates the sum of 
the intensities of the spectra and obtains a difference between the value and a 
predetermined reference value 17 by comparing both values. The difference is input to 
control unit 13. 

The function of the plasma asher device as constituted above and the method of 
the invention are described next. By closing front surface door 2 after sample 5 has been 
placed inside cylindrical chamber 3, control unit 13 is operated while the inside is kept at 
an airtight state to open electromagnetic valve 11 so as to supply the reaction gas inside 
gas bomb 9 into chamber 3 through pipe passage 10 and gas supply inlet 6. At the time, 
the interior of the chamber is maintained at a desired gas pressure by partially exhausting 
the gas from gas exhaust outlet 7. On the other hand, a power is supplied to high 
frequency coil 8 from high frequency power source 12 to generate plasma while 
cooperatively acting with the gas inside the chamber. The generated plasma is transformed 
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into spectra with spectroscope 14 via window 3a, and the intensity of each spectrum is 
detected by photomultiplier 15. The detected value is then output to comparator 16 to be 
compared with reference value 17, thereby inputting the difference between both values to 
control unit 13. More specifically, as it is known that the plasma energy is determined by 
the distribution of the light emitting spectra and the intensity of each spectrum, if the 
intensity of the spectrum is detected and if the detected value is compared with a 
predetermined reference value, the size of the plasma energy is identified if the plasma 
energy at the time is larger or smaller than a predetermined energy. Accordingly, control 
unit 13 operates so as to control the plasma energy in a smaller or larger direction based 
on the aforementioned difference. For example, the plasma energy is feedback-controlled 
so as to match the predetermined energy by increasing or reducing the power supplied to 
the high frequency coil. In this case, control unit 13 can control the flow rate of the gas 
and the gas pressure by controlling electromagnetic valve 1 1 or control the flow rate of 
the gas simultaneously with the power. 

As a result, the plasma energy generated inside cylindrical chamber 3 is constantly 
kept at a specific level. Also maintaining the asher conditions inside the chamber at a 
specific level, the scum is sufficiently removed, thereby improving the yield in the 
production of the semiconductor device. 

At this point, the intensity of the light emitting spectrum characteristic to plasma 
can be measured during the detection of the plasma energy. More specifically, the 
spectrum intensity that matches an oxygen or OH radical wavelength can be measured. As 
the main components are shown in Fig. 2, a light filter 18 for transmitting light at the 
aforementioned wavelength is provided at the outside window 3 a of cylindrical chamber 3 
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in lieu of the spectroscope, and photomultilier 15 at the rear of light filter 18. With this 
constitution also, the plasma energy generated in the cylindrical chamber is maintained at a 
specific level by the feedback control of the flow rate of the gas and the high frequency 
power, thereby ensuring stable asher conditions. 

As described above, according to the invention, the plasma energy is detected from 
the light emitting spectra thereof. The flow rate of the gas, the gas pressure and the power 
to be supplied, which determine the plasma energy based on the detected value, are 
feedback-controlled. By this means, the plasma energy generated in the asher device is 
controlled constantly at a specific level to maintain the asher conditions at a specific level, 
thereby making a sufficient scum removal possible and improving the yield in the 
production of the semiconductor device. 

Brief Description of the Invention 

Fig. 1 is a cross-sectional view illustrating a working example of a device of the 
invention. Fig.2 is a cross-sectional view illustrating the main components of a 
modification. 

1... Asher body 

3 . . . Cylindrical chamber 

3 a... Window 

5 . . . Sample 

8 . . . High frequency coil 
9... Gas source 
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11... Electromagnetic valve 

12. . .High frequency power source 

13... Control unit 

14... Spectroscope 

15... Photomultiplier 

16... Comparator 

17... Reference value 

18... Filter 
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